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Abstract
Background Chronic nonbacterial osteomyelitis (CNO) is a rare autoinflammatory bone disorder. Little information exists on the
use of imaging techniques in CNO.
Materials and methods We retrospectively reviewed clinical and MRI findings in children diagnosed with CNO between 2012 and
2018. Criteria for CNO included unifocal or multifocal inflammatory bone lesions, symptom duration >6 weeks and exclusion of
infections and malignancy. All children had an MRI (1.5 tesla) performed at the time of diagnosis; 68 of these examinations were
whole-body MRIs including coronal short tau inversion recovery sequences, with additional sequences in equivocal cases.
Results We included 75 children (26 boys, or 34.7%), with mean age 10.5 years (range 0–17 years) at diagnosis. Median time
from disease onset to diagnosis was 4 months (range 1.5–72.0months). Fifty-nine of the 75 (78.7%) children presented with pain,
with or without swelling or fever, and 17 (22.7%) presented with back pain alone. Inflammatory markers were raised in 46/75
(61.3%) children. Fifty-four of 75 (72%) had a bone biopsy. Whole-body MRI revealed a median number of 6 involved sites
(range 1–27). Five children (6.7%) had unifocal disease. The most commonly affected bones were femur in 46 (61.3%) children,
tibia in 48 (64.0%), pelvis in 29 (38.7%) and spine in 20 (26.7%). Except for involvement of the fibula and spine, no statistically
significant differences were seen according to gender.
Conclusion Nearly one-fourth of the children presented with isolated back pain, particularly girls. The most common sites of disease
were the femur, tibia and pelvic bones. Increased inflammatory markers seem to predict the number of MRI sites involved.
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Introduction
Chronic nonbacterial osteomyelitis (CNO) is an inflammatory,
non-infectious disorder of the musculoskeletal system covering a
wide clinical spectrum, with asymptomatic involvement of a
single site at the one end and episodes of chronic recurrent mul-
tifocal osteomyelitis (CRMO) at the other end [1–4]. It is char-
acterized by localized pain— often at night— and swelling, and
primarily affects the metaphyses of long bones, although lesions
can occur in any part of the skeleton [5–7]. Affection of tissues
other than bone, such as skin, eyes, gastrointestinal tract and
lungs, has been described [8]. CNO has a protracted course with
numerous exacerbations and relapses at new and old sites. It
primarily occurs in children and adolescents, with a peak of onset
at 7–12 years and a reported incidence of 0.4–10.0/100,000 [1, 9,
10]. The true incidence is, however, thought to be higher because
the findings are nonspecific. Although children with CNO
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frequently have mild to moderately increased levels of inflam-
matory markers, no findings— be they biochemical or imaging-
based — are diagnostic for the disease. Currently, CNO is a
diagnosis of exclusion, based on imaging or through histological
examination of bone biopsies, which reveal acute and chronic
inflammatory as well as reparative bone features like hyperosto-
sis, without an infectious agent [11, 12].
Treatment strategies for children with CNO vary widely
[13, 14]. Nonsteroidal anti-inflammatory drugs (NSAIDs)
are commonly used as a first-line treatment, while second-
line therapies include glucocorticoids, methotrexate,
sulfasalazine, tumor necrosis factor (TNF)-α inhibitors and
bisphosphonates [1, 7]. Although MRI, including whole-
body examination, is widely used to diagnose and monitor
CNO, little information exists on the use of imaging tech-
niques, and standardized and validated assessment systems
are lacking. Moreover, normal population-based standards
for the MR appearances of the pediatric skeleton across age
groups are nearly non-existent. Therefore, we combined clin-
ical, laboratory (including histology when available) and im-
aging data from a large number of children with CNO to
examine the patient characteristics, clinical presentation and
pattern of involvement, with a special focus on MRI findings.
Materials and methods
This multicenter retrospective study included children re-
siding in Rome or Bergen with a diagnosis of CNO. We
obtained data on age, gender, age of symptom onset, age
at diagnosis, duration, clinical symptoms, laboratory and
radiologic findings at diagnosis and follow-up of patients
ages 0–18 years from the clinical journal systems and the
radiology information system (RIS) and picture archiving
and communication system (PACS) at Ospedale
Pediatrico Bambino Gesu Hospital (OPBG), Rome, and
Haukeland University Hospital (HUS), Bergen, respec-
tively. The institutional board at OPBG approved the
study.
Patients
We included all children with mono- or multifocal inflam-
matory lesions diagnosed as CNO at the two participating
pediatric centers during the period 2012–2018. The
criteria for CNO were mono- or multifocal inflammatory
bone lesions, duration of symptoms >6 weeks, and exclu-
sion of infections and malignancy [7]. Demographic, clin-
ical and laboratory data and histological findings, when
available, were collected from the medical records.
Normal ranges used for laboratory data were as follows:
C-reactive protein (CRP)<0.5 mg/dL, erythrocyte sedi-
mentation rate (ESR)<15 mm/h. In addition, we grouped
inflammation (based on blood markers, ESR and CRP) as
mild when at least one marker was raised but not >100, or
moderate when at least one marker was >100.
Imaging
All MRIs performed at the time of diagnosis were re-analyzed
by three of the authors (P.d'A., L.T.d.H. and K.R., with 3, 12
and 30 years of experience in paediatric radiology, respectively)
(Fig. 1). We scored the following features: the bone(s) involved
(noting epiphyseal, metaphyseal or diaphyseal location in the
long bones), periosteal reaction, growth plate involvement, ver-
tebral compression and the presence of soft-tissue inflammation
(Figs. 2, 3, 4, 5, 6 and 7). Bone marrow edema and soft-tissue
inflammation were defined as increased signal intensity (as
compared to the remainder of the bone, or to the contralateral
side) on water-sensitive sequences. All MRIs were performed
on a 1.5-tesla (T) Siemens MRI system — at OPBG an Aera
and at HUS an Avanto machine was used (Siemens, Erlangen,
Germany). The whole-body MRI included a coronal short tau
inversion recovery (STIR) sequence (repetition time/echo
time/inversion time [TR/TE/TI] 5,000/58/160 ms and flip angle
147°; and a sagittal STIR sequence of the spine and feet, with
additional T1-weighted images (TR/TE 400/7 ms) in equivocal
cases. Typical duration of examination for the whole-bodyMRI
was 35–45 min.
Statistical analysis
Descriptive statistics were reported as mean (with standard devi-
ations) and percentages or median (ranges). Differences between
genders, as have been reported by others, were examined using t-
Fig. 1 Graph shows number of sites based on the initial whole-bodyMRI
(WB-MRI) examination in 67 of the 75 children with chronic
nonbacterial osteomyelitis
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tests or Fisher exact/chi-square tests as appropriate. Multiple lin-
ear regression analysis was used to test whether rise in inflam-
matory markers (ESR/CRP), time to diagnosis, age or gender
significantly predicted the total number of bony sites involved
at diagnosis. Statistical analyses were performed using SPSS
version 25 (IBM, Armonk, NY). All tests were two-sided and
statistical significance was set to P<0.05.
Results
We included 75 children (26 boys, 34.7%) with a mean
age of 10.5 years (standard deviation [SD] 3.2 years,
range 0–17 years) at diagnosis. One child was younger
than 2 years at time of diagnosis. The median time of
symptom onset to diagnosis was 4 months (range 1.5 to
72.0 months). Fifty-nine of the 75 children (78.7%) pre-
sented with pain, with or without swelling or fever
(Table 1). Seventeen children (22.7%) presented with
isolated low back pain (spine or sacroiliac joints).
Arthritis was seen in one child, who had ankle
involvement. Cutaneous involvement, such as psoriasis,
lupus erythematosus, papular lesions or pustulosis, was
seen in 8 children (10.7%). Inflammatory markers were
increased in 46/75 (61.3%) (Table 1). A biopsy of the
most prominent bone lesion on imaging was performed
in 54/75 children (72.0%); biopsies showed features
consistent with subacute/chronic osteomyelitis in 27
and nonspecific changes in 17, and were inconclusive
in the remaining 10. Five children (6.7%) presented
with single-site involvement (two lower bones, one hu-
merus, one spine and one mandible); all except one
underwent bone biopsy.
Magnetic resonance imaging was performed at baseline in all
children; 68 had a whole-bodyMRI, revealing a median number
of 6 sites (range 1–27) (Fig. 1). The long bones in the lower limbs
were affected in 58/75 (77.3%) of the cases, the pelvis in 29/75
(38.7%), the spine in 20/75 (26.7%) and the long bones of the
upper limbs in 20/75 (26.7%). Except for the fibula and spine, no
Fig. 2 Chronic nonbacterial osteomyelitis in a 14-year-old boy. Whole-
body coronal T2-W short tau inversion recovery images (left to right:
anterior to posterior, repetition time/echo time = 5,000/58 ms) show
high signal of both proximal ulnae, left hand, both lower legs and
calcanei (arrows). Note normal signal from the proximal femurs
Fig. 3 Chronic nonbacterial osteomyelitis in a 13-year-old boy. a, b
Sagittal T2-W short tau inversion recovery MR image (repetition
time/echo time [TR/TE] 5,000/58 ms) (a) and T1-W MR image (TR/TE
400/7 ms) (b) of the spine show signal change and vertebral compression
of the 7th thoracic vertebrae (solid arrow) and signal changes of the 6th
cervical vertebrae (dashed arrow)
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statistically significant differences in involvement were seen ac-
cording to gender (Table 2). A periosteal reaction was seen in
four children, all of whom presented with focal pain, while soft-
tissue involvement was seen in eight children.
Among the 68 children who had whole-body MRI, 82
epiphyseal, 80 metaphyseal and 5 physeal lesions were found
in the long tubular bones. All physeal lesions were associated
with metaphyseal or epiphyseal involvement. Twenty-seven
children had diaphyseal lesions, all of which were located in
the long bones of the lower extremities. Three of these 27
children had additional periosteal and soft-tissue reaction.
Involvement of the epiphysis, metaphysis and diaphysis of
the long tubular bones, by gender, is presented in Table 3.
We used multiple linear regression analysis to test whether
rise in inflammatory markers (ESR/CRP), time to diagnosis,
age or gender significantly predicted the total number of bony
sites involved at diagnosis. Preliminary analysis did not reveal
any violation of the assumptions of normality, linearity,
multicolinearity or homoscedasticity. The results of the
Fig. 4 Chronic nonbacterial
osteomyelitis with sacroiliac joint
involvement in four children aged
10–15 years. Coronal T2-W short
tau inversion recovery MR
images (repetition time/echo time
= 5,000/58 ms). a Bone marrow
edema at the sacral side,
bilaterally (arrows) in an 11-year-
old girl. b Bone marrow edema
at the left iliac side (arrow) in a
9-year-old girl. c High signal in
the right joint space arrows,
with surrounding bone marrow
edema at the iliac and sacral
sides in an 8-year-old girl. d
Bone marrow edema at the
sacral sides, bilaterally in a
15-year-old girl (arrows)
Fig. 5 Chronic nonbacterial osteomyelitis in a 7-year-old girl. Coronal
T2-W short tau inversion recovery MR image (repetition time/echo time
= 5,000/58 ms) shows involvement of the right sacroiliac joint (high
signal in the joint space with surrounding bone marrow edema), the
right ischial bone (white arrow) and the left femoral metaphysis/
apophysis (black arrow). Note the subtle high signal of the right
femoral metaphysis, within normal variation
Fig. 6 Chronic nonbacterial osteomyelitis in a 9-year-old girl. Coronal
T2-W short tau inversion recovery MR image (repetition time/echo time
= 5,000/58 ms) of both ankles shows involvement of the left metaphysis,
growth plate and epiphysis. The right side is normal
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regression indicated that the four predictors explained only
11.2% of the variance (R2=0.11, F (1.692), P=0.14).
Elevation of inflammatory markers significantly predicted
the number of sites (β=0.250, P=0.045). Neither age
(β=0.186, P=0.132) nor gender (β=0.103, P=0.387) nor dis-
ease duration (β=0.025, P=0.841) predicted the number of
involved bone sites significantly.
Discussion
We have shown, in a large two-center cohort of children and
adolescents diagnosed with CNO, that bony pain, with or
without swelling, was the most common presenting symptom,
that two-thirds were girls and that the femur, tibia and pelvis
were most often involved. On whole-body MRI, epiphyses
and metaphyses appeared to be equally involved. In contrast
to previous reports, median time from time of onset to diag-
nosis was relatively low, with a median of 4 months, reflecting
an increased awareness of the diagnosis during the last few
years [7, 15]. Nearly one-fourth of the children presented with
low back pain, particularly girls, with MR features exhibiting
those of vertebral bone marrow edema. Age at presentation
and gender distribution confirmed previous reports [7, 15].
The number of sites, both with and without symptoms at
presentation, as demonstrated on the initial whole-body MRI
varied between 1 and 27, with a median of 6. Whether the
asymptomatic sites are true so-called silent lesions or subclin-
ical disease, as suggested by others [1, 15], or merely reflect
Fig. 7 Chronic nonbacterial osteomyelitis in an 8-year-old boy. Coronal
T2-W short tau inversion recovery MR image (repetition time/echo time
= 5,000/58 ms) of the knees/legs shows involvement of the right tibial
metaphysis and diaphysis, and the right epiphysis (arrow). The findings
were confirmed on T1-weighted images
Table 1 Age and symptoms for 75 children (26 boys) diagnosed to have chronic nonbacterial osteomyelitis (CNO) based on history and clinical,
laboratory and imaging findings, with an additional biopsy in 54 children (72%)
Boys (n=26) Girls (n=49) P-valuea Total (n=75)b
Age at diagnosis, year, mean (SD) 10.4 (3.3) 10.5 (3.1) 0.832 10.5 (3.2)
Age at onset, years, mean (SD) 9.5 (3.4) 10.0 (3.0) 0.534 9.8 (3.1)
Symptoms at presentation, number (%)
Body pain 19 40 0.393 59 (78.7)
Localized painc 9 10 19 (25.3)
Low back pain 3 14 17 (22.7)
Multifocal pain 5 5 10 (13.3)
Localized pain and swelling 1 11 12 (16.0)
Localized pain and fever (>38°C) 1 0 1 (1.3)
Fever only 2 2 4 (5.3)
Swelling only 1 2 3 (4.0)
Limp 3 5 8 (10.7)
Elevated inflammatory blood makersd, number (%) 13 33 0.209 46 (61.3)
Mild 10 20 30 (40.0)
Moderate 3 13 16 (21.3)
Increased white blood count (WBC) 0 1 1 (1.3)
a Differences between genders were examined using t-tests or chi-square tests as appropriate; 2-sided P-values are given; P<0.05 is significant
b One boy age 4 months presented with agitation, crying
c Other than low back pain
d Erythrocyte sedimentation rate and C-reactive protein
SD standard deviation
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signal changes during normal bone growth remains unclear.
From previous work we know that more than half of healthy
children ages 5–16 years have bone-marrow-edema-like
changes in the hand skeleton [16, 17]. Others have shown
similar findings to the feet [18] and pelvis [19]. Further studies
with a meticulous focus on the association between MRI find-
ings and clinical symptoms are warranted to clarify the signif-
icance of asymptomatic MRI findings.
In a large registry study from 2018 including 486 chil-
dren with CRMO from 19 countries, mean age 9.9 years,
MRI revealed 4.1 sites per patient, as compared to 6 in
our case series [7]. The relatively low number of whole-
body MRI in their study, i.e. <30% of the patients, might
explain part of the difference because whole-body MRI
most likely introduces false-positive findings, or lesions.
Population differences might also have played a role.
Another study, by Andronikou et al. [20], which included
37 people with CRMO, reported on 8.6 lesions per patient
based on whole-body MRI, with 89% of patients having
multifocal disease. They noticed two patterns, namely a
multifocal predominantly tibial involvement and pauci-
focal clavicular and spinal disease. In our series we were
not able to identify specific patterns in distribution.
The number of radiologic lesions has been used as a
marker of disease activity in the context of the Pediatric
CNO (PedCNO) score [21]. In addition to the number of
radiologic lesions, the PedCNO includes ESR, severity of
disease as judged by the physician, severity of the disease
estimated by child or parent, and the Childhood Health
Assessment Questionnaire (CHAQ) score. Zhao and col-
leagues [22] further described the characteristics of CNO
lesions based on MRI findings using a grading system to
score the severity of bone edema and soft-tissue inflam-
mation as well as the presence of periosteal reaction, hy-
perostosis, growth plate damage and vertebral compres-
sion. Applying this scoring tool to a retrospective cohort
of 18 people with CNO, the authors reported a significant
decrease in the number of non-vertebral lesions and the
maximum severity of bone edema in the group receiving
aggressive treatment [14, 22]. They noted, however, that
it remains unclear which MRI characteristics can be reli-
ably assessed and to which degree they are sensitive to
change. Moreover, it is not known how the MRI findings
relate to other clinical assessment tools. In our large case
series of 75 children with CNO, only 4 had a periosteal
reaction, 3 related to diaphyseal involvement and 1 in a
rib. Thus, periosteal reaction is probably too rare to be
used as prognostic support, as are soft-tissue and physeal
involvement. As for the extent and intensity of bone mar-
row edema, we did not score this in particular. However,
being a key finding in CNO, it is reasonable to believe
that the extent/degree of bone edema might be of value,
assuming that we will be able to distinguish between true
inflammatory change and changes caused by normal
growth. Currently, there is no agreement on a standard-
ized evaluation tool [14].
In our series, elevation of the inflammatory markers
significantly predicted the number of MRI sites, suggest-
ing that the number of MRI sites represents a marker for
disease activity.
Table 2 Number of children with bone changes at different sites
consistent with inflammatory change as diagnosed on whole-body MRI









Femur 19 27 0.128 46 (61.3)
Tibia 18 30 0.492 48 (64.0)
Fibula 12 9 0.011 21 (28.0)
Feet 13 16 0.142 29 (38.7)
Upper limbs
Humerus 4 11 0.467 15 (20.0)
Radius 3 6 0.929 9 (12.0)
Ulna 2 3 0.795 5 (6.7)
Hands 0 4 0.134 4 (5.3)
Spine 3 17 0.031 20 (26.7)
Sacrum 6 12 0.892 18 (24.0)
Sacroiliac joints 1 7 0.163 8 (10.7)
Pelvis 8 21 0.306 29 (38.7)
Ileum 4 15 0.149 19 (25.3)
Sternum 4 10 0.595 14 (18.7)
Scapula 2 6 0.543 8 (10.7)
Clavicle 3 11 0.248 14 (18.7)
Mandible 3 5 0.859 8 (10.7)
Ribs 3 1 0.081 4 (5.3)
a Differences between genders were examined using chi-square tests; 2-
sided P-values are given; P<0.05 is significant (bold values)
Table 3 Number of children with epiphyseal, metaphyseal or
diaphyseal involvement of at least one of the long bones, in 75 children
with chronic nonbacterial osteomyelitis (7 of the 75 children did not have







Distal epiphysis 11 15 0.189 26 (34.7)
Proximal epiphysis 12 7 0.027 19 (25.3)
Diaphysis 12 15 0.131 27 (36.0)
Distal metaphysis 13 24 0.938 37 (49.3)
Proximal metaphysis 16 27 0.799 43 (57.3)
a Differences between genders were examined using chi-square tests; 2-
sided P-values are given; P<0.05 is significant (bold values)
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There are several limitations to our study, including its
retrospective design and the lack of whole-bodyMRI in seven
of the patients. Moreover, image quality is suboptimal for
assessing physeal lesions and periosteal reaction, thus these
features might be underestimated. The possibility of artifacts,
particularly for borderline structures such as the sternum and
ribs, is also a potential bias. The strengths of the study were
the large number of children with whole-body MRI and the
meticulous image analysis.
Conclusion
Nearly one-fourth of children with CNO, particularly girls,
presented with isolated back pain only. The most common
sites of disease were the femur, tibia and pelvic bones.
Elevation of inflammatory markers seems to predict the num-
ber of MRI sites of disease.
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